Abstract Previous research has identified an association between food insecurity and depression in a variety of world regions in both healthy and HIV-infected individuals. We examined this association in 183 HIV-infected Hispanic adults from the greater Boston area. We measured depression with the Burnam depression screen and food insecurity with the Radimer/Cornell Questionnaire. Dietary intake was assessed with an adapted version of the Block Food Frequency Questionnaire. Logistic regression models were created with depression as the outcome variable and food insecurity as the main predictor. In bivariate analyses, food insecurity was significantly associated with depression [odds ratio (OR) 2.5; 95 % confidence interval (CI) 1.1, 5.5; p = 0.03]. When we accounted for social support, food insecurity was no longer significant. We found no differences in the quality or quantity of dietary intake between the food insecure and food secure groups. Our findings highlight the importance of social support in the association between food insecurity and depression. Food insecurity may reflect social support more than actual dietary intake in this population.
Introduction
Food insecurity has been found to be significantly associated with depression in a variety of populations including in HIV-infected individuals [1] [2] [3] . Both food insecurity and depression have been shown to be predictors of poor HIV-treatment adherence and other HIV-related outcomes [4] [5] [6] [7] [8] [9] . Several authors have postulated that food insecurity leads to depression as a result of the increased stress conferred by the inability to find food [1, 10] . In addition, the relationship has been shown to be most evident in persons lacking instrumental social support, presumably because those with high instrumental social support receive tangible assistance in procuring food, thus relieving some of the stress associated with food insecurity [1] . Another proposed mechanism by which food insecurity may cause depression is through the direct effect of nutritional deficits [2, 10] . It has been shown that macronutrient deficiencies and even the early stages of vitamin deficiency can induce negative changes in mental functioning and behavior [11, 12] . While past studies examining the relationship between food insecurity and depression have suggested that dietary differences may contribute to depression, most studies lacked the dietary data needed to examine this hypothesis.
Our study was built on a cohort study that looked at the role of nutrition and drug use in HIV-infected Hispanic individuals. In addition to measures of food insecurity and depression, data were collected on dietary intake, sociodemographic variables, drug use, and other factors related to nutritional status. We took advantage of this dataset to see if we could replicate previous findings of an association between food insecurity and depression in this low-income, HIV-infected population living in a resource-rich area, and if so, to examine the role of social support and dietary intake in this association.
Materials and Methods

Participants
The data used in the present study were derived for secondary analyses (secondary hypotheses) from the BIENE-STAR Study, a two-phased prospective cohort study of Hispanics conducted in Boston, MA, which aimed to examine the roles of chronic hepatitis, and drug use in HIV-associated malnutrition. A detailed description of study participants and recruitment methods is available elsewhere [13] . Recruitment was done through outreach in streets, homeless shelters, urban health clinics, and HIV support groups. Inclusion criteria for the BIENESTAR study were: self-identified Hispanic ethnicity, age older than 18 years, Spanish fluency, HIV seropositivity, and/or current drug use. Exclusion criteria were pregnancy at recruitment, non-HIV-associated malignancies, refusal to sign a consent form to release medical records, and chronic renal replacement therapy. The Institutional Review Board at Tufts Medical Center (Boston, MA) approved the study, and informed written consent was obtained from all participants. Of the original cohort, those selected for this substudy were participants who were HIV-infected and participated in the first five year phase of the study during which measures of food insecurity and depression were collected. Of the 266 participants in the original cohort, 183 participants met these criteria for this sub-study.
Measures
All variables were measured at the baseline visit. Depression was assessed with the validated Burnam depression screen [14] . The score was converted to a binary variable of depressed and non-depressed at the established cutoff of 0.06. This cutoff has been shown to have sensitivities of 86 and 89 % and specificities of 95 and 87 % in primary care patients and mental health patients, respectively, in a cohort consisting of 46 % Hispanics, against the criterion of the Diagnostic Interview Schedule [14] . Food insecurity was measured with the Radimer/Cornell Questionnaire [15] and was dichotomized to a binary variable of food insecure or food secure based on recommendations of the authors [15] . According to these recommendations, food secure individuals are those who respond ''no'' to all questionnaire items related to anxiety about food, lack of quantity of food, and lack of quality of food. The Radimer/Cornell Questionnaire has been validated in North America and has been shown to have a range of sensitivity of 84-89 % and specificity of 63-71 % in detecting food insecurity against a criterion that was based on items including two 24-h dietary recalls, fruit and vegetable consumption and two household food-stores inventories [16] . The social support variable was based on self-reported levels of support received from friends, relatives, and others [17, 18] . The range of possible scores for social support was 6-34. Of the six social support questions, four were related to emotional support and two were related to instrumental support. Drug use (intravenous and non-intravenous) was determined by using a questionnaire that included items related to the type, mode, and frequency of use. A participant was considered a drug user if he or she reported having used any one of heroin, cocaine, ''speedball'' (heroin with cocaine), or methadone (prescription or nonprescription use) by any route at least once in the last 6 months. Dietary data were collected using a Food Frequency Questionnaire (FFQ) adapted from the National Cancer Institute/Block FFQ [19] .
Analysis
All analyses were performed using Statistical Analysis System (SAS) software, version 9.1 (SAS institute, Cary, NC). In Tables 1, 2 and 3, we compared characteristics of food insecure and food secure individuals as well as depressed and non-depressed individuals. Categorical data were analyzed using either v 2 or Fisher exact tests when appropriate, and continuous data were analyzed using either t test or Wilcoxon rank-sum test when appropriate. Results were considered to be statistically significant at a p \ 0.05 (two-tailed). Continuous data with non-normal distribution were log transformed, and analyses were conducted on transformed data. When transformation did not adequately normalize the data, nonparametric tests were used. Non-normally distributed data are expressed in Tables 1, 2 and 3 as median (25th percentile, 75th percentile). In Table 4 , the crude odds ratio expressing the association between food insecurity and depression was derived from a logistic regression model in which food insecurity was the independent variable and depression was the dependent variable.
Our covariate selection strategy began with an assessment of stressors such as age, poverty, unemployment, homelessness, and social support; factors potentially damaging to one's overall well-being such as injection drug use, and chronic hepatitis infection; and factors that can put a strain on a household's budget such as family size and smoking. Variables that we found to be associated with both depression and food insecurity at a level of significance of p \ 0.2 were also assessed. Each variable was assessed for its effect on the magnitude of the odds ratio describing the association between food insecurity and depression, and its role as a potential effect-modifier (i.e., statistical interaction effect). Factors were dropped from the model if they did not alter the odds ratio describing the association between food insecurity and depression by at least 10 % and were not effect modifiers. Additionally, factors that were independent predictors of depression at a p = 0.05 level were retained in the model.
Based on previous literature [1] that showed that social support can protect individuals by buffering the effects of food insecurity on depression, we initially examined social support as an effect modifier. We also considered social support as being in the causal pathway (i.e., a mediator) of the relationship between food insecurity and depression as evidenced by an attenuation of the association between food insecurity and depression. Thus, we considered two possible theoretical models, one in which social support was an effect modifier (buffer) and one in which social support was a mediator.
Since this study had data on dietary intakes, the dietary data were analyzed to see if there was evidence that food insecurity reflects actual reductions in dietary intake, and if so, if that can serve as an explanation for the association between food insecurity and depression.
Results
The characteristics of the participants are shown in Table 1 . Those who were food insecure were more likely to be depressed than those who were not food secure. Though not shown in the table, this association was true in men but not in women. Food insecure individuals were more likely to have low incomes. Both food insecure and the depressed individuals reported less perceived social support than food secure and non-depressed individuals, respectively. Food insecure individuals were also less likely to be employed than those who were food secure. While not significant, food insecure men were more than three times as likely to be receiving food stamps than food secure men (p = 0.055; data not shown). Food insecure individuals were more likely to be smokers, and use cocaine than food secure persons. There was no association between food insecurity and heroin use. Those who were depressed used drugs, including heroin, at a higher rate than those who were not depressed. Depressed individuals were also more likely to inject drugs. Neither homelessness nor having children in the household was associated with food insecurity or depression (data not shown).
There was no association between food insecurity or depression and dietary intake including total calories per day, vitamin intake or other macronutrient intakes. There was also no association between food insecurity and body mass index (BMI) ( Table 2) .
In our unadjusted analysis, food insecurity was a significant predictor of depression [OR 2.5, 95 % CI 1.1-5.5]. After adjusting for the covariates poverty, social support and injection drug use, food insecurity was no longer a significant predictor of depression [OR 1.5, 95 % CI 0.6-3.7] ( Table 3 ). The addition of social support to the crude model attenuated the odds ratio from a value of 2.5 to 1.8. The emotional component of social support attenuated the odds ratio more than the instrumental component of social support (1.8 vs. 2.1, respectively) ( Table 3 ).The following factors did not attenuate the odds ratio: age, homelessness, unemployment, family size, and smoking. In a model that included only food insecurity and social support as independent variables, food insecurity was not a significant predictor of depression [OR 1.8, 95 % CI 0.8-4.2] (Table 3 ). An examination of potential modifying factors (interaction effects) found no evidence of modification of the association between food insecurity and depression by social support, instrumental social support, poverty or injection drug use (p [ 0.1 for all). Table 4 ). Variables that were not significantly associated with depression were age, poverty, unemployment, chronic hepatitis infection, homelessness, family size and smoking.
Discussion
In agreement with previous studies [1] [2] [3] , we found that food insecurity was significantly associated with depression in bivariate analyses. Social support was a significant mediator of this relationship.
The nature of the role of social support in our study appears to differ from that observed in previous studies. A study of depression and food insecurity in a population of Latinos with type 2 diabetes from Hartford, Connecticut found that those with high social support were less likely to become depressed when confronted with food insecurity than those with medium or low social support, suggesting that social support modifies the association and acts as a buffer in the association between food insecurity and depression in this population [3] . A buffering effect of social support was also seen among people living with HIV/AIDS in Uganda, such that instrumental social support protected against the depressive effects of food insecurity [1] . The authors of that study did not find that emotional social support had the same effect. In contrast, we did not find that either emotional or instrumental social support had a buffering effect in our population, as neither was an effect modifier.
While we saw no evidence of effect modification, we did find that social support, and especially the emotional component of social support-being loved, cared for, and having friends-significantly attenuated the association between food insecurity and depression. This observation has several possible explanations. First of all, it may be that those who are food insecure tend to also have low emotional support which is the actual cause of the depression seen in food insecure individuals. Second, it is possible that low social support can cause food insecurity which in turn causes depression. A third possibility is that in our population, depression, which is associated with low social support, causes food insecurity and not the other way around. Indeed, a bi-directional relationship between food insecurity and depression was shown in the only longitudinal study conducted on this topic [20] . Further research is still needed to assess these possibilities.
Actual dietary intakes did not differ between food insecure and food secure groups in terms of total calories, and micro-and macro-nutrients. This was an unexpected finding. Our observation is not in agreement with previous studies on dietary intake in food insecure individuals from the US [21, 22] and abroad [23] [24] [25] which found that food insecurity was associated with decreased intakes of protein, fruits, and dairy. While we cannot readily explain this discrepancy, it is possible that our population of HIVinfected urban-dwelling Hispanics obtain an adequate diet by accessing services for food-insecure individuals more than other food-insecure populations. This might explain the similarity in dietary intakes between food secure and food insecure groups in our study. While prior studies [11, 26] , have speculated that the depression seen in food insecure individuals might be mediated by dietary deficits or hunger, this appears not to be the case in our population.
What do these observations say about food insecurity in this population and its relationship to depression? Our data suggest that the depression seen in food insecure individuals in this population is not caused by nutritional deficits. Additionally, the attenuation of the odds ratio from 2.5 to 1.8 when social support was included as a mediator suggests that social support can account for some of the association between food insecurity and depression. However, the large magnitude of the residual odds ratio, 1.8, although not statistically significant-possibly due to a lack of power-suggests that other factors likely have a role in this relationship.
Strengths of our study include the collection of detailed dietary data. This allowed us to assess actual dietary intake in relation to food insecurity, which has rarely been done in previous studies of food insecurity and depression. Another strength of our study was that we had detailed data on substance abuse, which is a common co-morbidity of mental health disorders. There were several limitations to this study including the cross-sectional design. More longitudinal studies should be carried out to clarify the direction of these associations. The self-report nature of food insecurity, depression, and social support can result in non-differential misclassification which would underestimate the association between food insecurity and depression. Finally, the results of our study conducted in Hispanics of the greater Boston area may not be generalizable to other populations.
Our findings have potential implications for future policies to ameliorate food insecurity and its negative sequelae in this population. Our results suggest that it would be useful to add a component of social support to the existing programs that address food insecurity in this population. Increases in emotional social support might promote the overall emotional well-being of the food insecure and may improve HIV-outcomes, though further research is still needed to establish whether social support could be a beneficial component of food-assistance programs. Particular efforts should be made to reach marginalized populations. It may be necessary to tailor HIV support programs to the needs of the population served. Additionally, further research should be done to study the relationship between social support and depression in this group.
In conclusion, our data suggest that in this population of HIV-infected Hispanics, persons with food insecurity have higher rates of depression that is partially explained by a lack of social support and not dietary inadequacies.
New Contribution to the Literature
To our knowledge this is the first study to examine the role of social support in the association between food insecurity and depression in an HIV-infected, urban, Hispanic cohort of the northeast US. Our data include actual dietary intake.
